The author modiˆed a respiratory gas analyzer to analyze the respiratory 13 CO 2 of 12 small laboratory animals all at once. To investigate the practical use of this system, mice were orally (OR) or intravenously (IV) given glucose solutions containing three diŠerent amounts of 13 C-labeled glucose. Expired 13 CO 2 derived from exogenous glucose was detected within 10 minutes after administration in OR mice, but about 30 minutes in IV mice. The height of the peak of 13 CO 2 expiration was correlated with the administered 13 C-glucose mass.
Analyzing respiratory gas is a noninvasive technique for measuring energy expenditure and the mass of oxidation of lipids and carbohydrates in the whole body. 1) These parameters can be computed from both the ventilation of the subject and concentrations of CO2 and O2 of the respiratory gas collected by attaching the mask to the face of the subject 2) or using a metabolic chamber that the subject can stay in. 3) Therefore this technique is frequently used in human and laboratory animal studies; at rest or during exercise, respectively.
Using a stable isotope, 13 C, as a metabolic tracer, the oxidation of a speciˆc component in the whole body could be chronologically investigated by monitoring the expiration of 13 CO 2 in the respiratory gas. 4, 5) This technique has been used for the last 20 years mainly in human studies, but naturally labeled carbohydrates such as the starch of maize and sugarcane, containing slightly higher quantities of 13 C than other plants, 6) had been used for theˆrst 10 years.
1)
Recently, many kinds of 13 C-labeled chemical components with higher puriˆcation than natural ones can be easily obtained from some stable-isotope makers.
However, for small laboratory animals, there were few reports using 13 C labeled chemical components and monitoring respiratory 13 CO2 to investigate the metabolism of nutrition. Though the respiratory 13 CO2 might have be measured by using the apparatus used in the human studies, such attempts did not seem to be superior because those apparatuses were usually designed for the measurement of only one or two subjects at the same time.
I modiˆed a respiratory gas analyzer to analyze the respiratory 13 CO2 of 12 small laboratory animals all at once. In this study, I gave BALB W c mice glucose solutions containing three diŠerent amounts of 13 Clabeled glucose, using two ways of administration, oral ingestion and intravenous injection. The aim of the study was to investigate the practical use of this system, from the point of the view whether expired 13 CO2 were dose-dependent and the time of expiration were appropriate for the two ways of administration.
The gas analyzing system consisted of four units, a gas analyzer using mass spectrometry (model RL-600, AlcoSystem, Japan), a line changer (model ANI6-A-S, AlcoSystem, Japan), twelve acrylic metabolic chambers, and a Personal Computer that computed the atom concentration from mass spectrum. 7) Each metabolic chamber was divided into two spaces, large and small, by a wall with holes to mix the air. The large space was 125.4 cm 2 for the base and 6.5 cm in height, and a mouse was housed in the space from which the respiratory gas was collected. The air expired into the large space was pumped through holes in the wall, into the small space, dried in a cotton thin column, and put into the line changer via a tube. The line changer sucked up the expired gas from all the twelve chambers and room air by the pump, led one of the gases into the analyzer, and discarded the other gas into the air. The selected line was changed every 30 s and the O2 consumption, CO2 production, and ratio of 13 C to 12 C were measured during the last 10 s within the 30-s gas collection period. Data on 12 mice were obtained every 6.5 minutes because it took 30 s to obtain data from a single chamber. The system was fully calibrated before each day of testing, and room temperature was kept at 22±0.59 C during measurement of respiratory gas (Fig. 1) .
The expired 13 CO2 was expressed as a percentage of 13 C atom compared to the 12 C. Results are expressed as means±SEM and analyzed by ANOVA followed by Tukey's post hoc test (StatView ver.5.0, SAS Institute Inc., NC). The level of statistical signiˆcance used was Pº0.01.
The stable isotope, 13 C-glucose, was a gift from Glico co.jp (D-glucose-1-13 C, ISOTEC Inc., Japan). Seven-week-old male BALB W c mice (a closed colony, weighing 23 to 29 g) (Japan SLC, Hamamatsu, Japan) were used. They were housed in standard cages (33×23×12 cm; 6 mice W cage) under controlled conditions of temperature (22±0.59 C), humidity (50z), and lighting (lights on from 1800 to 0600). They had free access to a stock diet (type MF; Oriental Yeast, Tokyo, Japan). All animals received humane care as outlined in the Guide for the Care and Use of Laboratory Animals (Kyoto University Animal Care Committee according to NIH #86-23; revised 1985).
Mice were assigned to the two groups; the oral ingestion (OR) and intravenous injection (IV) groups. OR mice were individually housed in the metabolic chambers from 1900 to 0600 and given no access to diet. The baseline levels of 13 CO2 expiration of the mice were measured for the initial 2 h of the measurement period. Mice were temporally taken out from the metabolic chamber and administered 750 mL of a 12.5z glucose solution, containing either 11.25, 22.5, or 90 mg of 13 C-glucose via stomach tube at about 2100. Each mouse was administered glucose when the system was monitoring another chamber; that is to say, the respiratory gas data was obtained every 6.5 minutes from chamber #1 to #12 as described above. Respiratory gas was measured up to 10 h after administration.
The group of IV mice were given jugular vein cannulation one day before the glucose administration and the surgical tube, which wasˆlled with heparin solution, was hung on a free-moving arm until the infusion of glucose solution in the animal cage. When IV mice were housed in the metabolic chamber and given no access to diet and water, the surgical tube was passed through a small hole on the ceiling of the chamber and hung to allow mice free movement around in the chamber (Fig. 1) . The opposite terminal of the tube was connected to the syringe pump lled with heparin solution. IV mice were administered 300 mL of 31.25z glucose in Ringer's solution, containing either 11.25, 22.5, or 90 mg of 13 C-glucose, like the OR mice. The heights of the peak of 13 CO2 expiration were also clearly correlated with the amount of administered 13 C-glucose mass in OR and IV mice, respectively. A previous human study showed that 13 CO2 increased about 0.01 atomz from the baseline after an administration of U-13 C-glucose (2.5 mg W kg body weight). 8) Therefore, this increase could verify the 1.64 atomz increase of 13 CO2 after an administration of 1-13 C-glucose (about 500 mg W kg body weight) observed in this study ( Table 1 ). The smaller peaks of 13 CO2 expiration in OR compared to IV could be caused by the diŠerence in absorption from the small intestine. One possibility is that it could be due to the net absorption of 13 C-glucose in the small intestine. The net absorption of dietary carbohydrate was reported to 88 to 90z. Another possibility is that Mice were administered either 0, 11.25, 22.5, or 90 mg of 1-13 C-glucose by two ways of administration, oral ingestion or intravenous injection, respectively. Peak values of expired 13 CO2 were expressed as means±SEM (9 mice for 0 mg oral ingestion group; 3 mice for the other groups). Within a way of administration, values not sharing common superscripts are signiˆcantly diŠerent ( Pº0.01).
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the absorption in the small intestine could take much more time compared to those in intravenous injection. The peak in change of serum glucose after oral administration of glucose would be broad and lower compared to those after intravenous injection. In Fig. 2 , diŠerences between OR and IV were clariˆed by the time course of the expired 13 CO2 in two groups of mice administered 90 mg of 13 C-glucose in the two ways of administration. Exogenous glucose was detected within 10 minutes after administration in OR mice, but about 30 minutes in IV mice. These diŠerences in the changes of expired 13 CO2 were observed in mice administered 11.25 or 22.5 mg of 13 C-labeled glucose (data not shown). These results suggested that the glucose directly injected into the blood could be oxidized into the respiratory gas within 10 and glucose in stomach could be oxidized within 30 min after administration. Therefore the diŠerence between two ways of administration, about 20 min, may be due to the moving of glucose from stomach to blood. These results in this study agreed with the study by Takii et al. The serum glucose concentration began to increase about 10 minutes after oral administration of glucose in this Std ddY mouse study. 9) The room temperature was one of the most important conditions that could aŠect the level of 13 CO2 measurement. We observed that the baseline level of 13 CO2 was well correlated to the change of room temperature (data not shown) and those changes were apparently small at night. Therefore we started measurement from 1900 in a room in which lights were on from 1800 to 0600.
In conclusion, the oxidation of 13 C-labeled glucose administered orally or intravenously could be detected continuously using the 12-line respiratory gas analyzer, and the amount of expired 13 CO2 and course of expiration were appropriate compared to the previous studies. Therefore, the newly modiˆed respiratory gas analyzer could be used for the analysis of 12 mice all at once.
